where k(r) (s-x) is the rate of reaction, between A and B located at a distance r.
This equation is generally used with some refinements to treat the molecular coupling between transport and reactivity. However one must know the validity of this expression for which the molecular velocity is not taken into account; it is of prime importance to estimate the parts of the initial configuration and of the reactional mechanism on the apparent kinetics. The aim here is to point out how these parameters occur, and, in a second part, how the experiments can be explained by theoretical kinetic models.
The electronic excitation can lead to very reactive species and it is possible to observe the coupling between transport and reactivity by selection of B and by accommodating the medium where the reaction takes place. Moreover, if A is fluorescent, its evolution can be scanned by photophysical methods, time resolved or not. For time resolved experiments, the picosecond laser techniques allow a good kinetic description of the phenomena.
Next, the use of laser photophysics techniques in this area is discussed. A similar treatment can be applied for the other cases (see references at the end). ii) it also shows that, in the case of purely diffusion limited reaction, the measurements in pulsed excitation and in temporal resolution lead to a correct analysis of the kinetics (t > T1).
I. KINETIC MODELS
iii) the measurements in continuous excitation which take into account the entire life of the emissive molecules A, lead to results which can not be treated with this equation. This statement will be all the more true as the B concentration is larger. iv) when the reaction is completely defined by a diffusion limited process, several molecular collisions are necessary for good probability of reaction between A and B.
Under these conditions, the effects illustrated on Figure 2 are still weak, which obviously allows for all temporal domains and then for all measurements in continuous excitation, the use of the Smoluchowski equation. With these considerations, it is possible to use it to treat, at the molecular scale, the coupling between molecular transport and reactivity. The time evolution of , due to the coupling between transport and reactivity leads to the apparent rate constant of reaction: ka(t) 4;rN k(r)d(r, t) r2dr (6) OV +k
For a simple bimolecular reaction, a standard expression of the apparent rate constant, at "large" time, such as ka(t) tr(l+ Vflt) (10) is found whatever the assumptions on D, o, X, k(r), where tr and fl are parameters. An extension has been proposed by Berne 11 and called the overlap model. The molecular shape is characterized by an ellipsoidal electron density, described by gaussian distributions and the repulsive energy is taken to be proportional to the overlap of these ellipsoids. The exact forms for W and r as function of the orientation have been given by MacRury. 12 The lack of experimental data does not provide a precise determination of this dependence like in the Kihara model. 1.4.2.3. Atom pair models 13 The potential interaction between molecules is considered here as the sum of the interaction potentials of each of the atom in one molecule with all the atoms in the other. The atom-atom interaction is considered as" A/j Ui r--i + Bii exp (-Cii ri) (12) where rii is the distance of the atoms and ], the coefficients Ai, B and C depending only on the nature of these atoms. 13 The total interaction energy can be written as: Figure 6 shows the evolution of gint* for different values of 0 and r in the case of two pyrene molecules.
It must be noted that, in the general case, for a given value of 0, the minimum of potential energy is obtained for a value of : 0 which corresponds to a position where the principal axes of the pyrene are parallel. However an exception to this rule is observed on Figure 6 which reveals a relative minimum for 0 60 and t 20. 
II. EXPERIMENTAL METHODS
As previously mentioned, two approaches are used to study the coupling of transport and reactivity at the molecular scale based on fluorescence emission measurements:
COUPLING BETWEEN TRANSPORT AND REACTIVITY a "continuous" approach, giving a time constant signal, corresponding to the sum of all emitted fluorescent photons, ma "pulsed" approach, giving the mean time evolution of the fluorescence decay, on scale between 10 picoseconds and a few hundred nanoseconds.
The first one requires a stable light source, with a broad emission spectrum, typically a xenon lamp. The laser role becomes more important in the "pulsed" approach, owing to its property of supplying a pulsed light beam (mode locking or saturated absorption). Two different methods of measuring fluorescence decays are shown hereafter. Figure 7 illustrates a typical assembly" a mode locked ionized argon laser is used as primary source. Then, the pulsed emission (515 nm, 82 MHz) pumps a dye laser (here "kiton-red," 620-650 nm, 4-0.4 MHz), including a cavity dumper. The "red" pulse goes through a frequency doubling system to produce a final pulse in the ultraviolet region (where usual interesting molecules absorb), with a half width of less than 10 picoseconds. The single photon counting method consists in accumulating correlation times between a laser pulse and a fluorescent photon, collected on a very sensitive photomultiplier. Figure 9 by a simple model 6 provide the value of k=, the rate constant at large times, shown on Figure 11 . In the same figure are represented the values of k= obtained from the slopes of the curves of Figure 10, of time, but decreases and then increases, up to a finite value for large times, as indicated on Figure 15 .
II.1. Single Photon Counting
Experiments have been achieved in pulsed laser excitation on 1,2-
benzanthracene. An adequate treatment allows to clearly show such a non classical effect ( Figure 16 ). [1] to [88] from (89] to [121] [35], [37] , [72] , [48] A* + B 2d micelles from [122] to [132] from [133] to [140] [871, [86] , [182] [182] A + B3d from [140] to [175] from [176] to [196] [10], [13] , [16] , [28] [142]
CONCLUSION
Cage effects 3d from [197] to [217] from [218] to [240] [148], [50] Excimers 3d, 2d from [240] to [245] from [246] to [252] [87] [134]
